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I.  INTRODUCTION 


I  he  purpose  of  this  studs  and  analysis  is  to  employ  more  sophisticated  gyrogimbal  pickoff 
component  technology  to  replace  exist  ingpickol  I  designs.  The  existing  wide  angle  gyro  pickoffs 
experience  gimhal  wiring  and  slipring  torques,  potentiometer  wiper  lift  off  during  flight 
environment,  noise,  increased  friction,  and  assembly  cost.  I  he  goals  of  this  study  are  to  gain  a 
better  understanding  of  the  pickoff  error  mechanism  and  to  utilize  the  major  advances  in 
component  development,  materials,  and  manufacturing  techniques  as  applicability  to  the 
design  of  inertial  instruments. 

The  purpose  of  the  task  is  to  study,  analyze,  and  recommend  a  pickoff  concept  that  will 
satisfy  the  following  minimal  requirements: 

•  Operate  in  an  environmental  range  from  100  to  1 500  g’s. 

•  Mission  time  from  35  to  70  seconds. 

•  Fast  reaction  time  less  than  100  ms  to  minimize  user’s  exposure  time  and  allow  maximum 
rate  of  fire. 

•  Wide  angle  gyro  mechanical  degree-of-freedom  and  pickoff  range  from  ±45  to  ±65 
degrees. 

•  Small  volume  and  light  weight  for  projectile  or  missile  diameter  size  less  than  155  mm 
O.O. 

•  Cost  effectiveness  as  an  equal  parameter  with  performance,  a  major  criterion  for  the 
subsequent  technological  concept  studies. 

The  objective  of  this  task  is  to  fulfill  the  concept  requirements  and  potentially  replace  existing 
gyro  designs  that  are  used  in  high  velocity,  small  missile  systems  for  the  1980-90  time  frame. 

2.  GIMBAL  PICKOFF  COMPONENT  TECHNOLOGICAL  STUDIES 

A.  RADIANT  ENERGY  SOURCES 

The  performance,  reliability,  linearity  and  threshold  current  of  laser  diodes  have  improved 
substantially  in  recent  years.  It  is  now  possible  to  produce  a  laser  diode  with  a  threshold  current 
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that  emits  a  mimmumot  live  milliwatts  ol  povvet  with  a  piedictcd  lifetime  of  over  tOycarsol 
operation 

I  hese  characteristics  make  it  dear  that  lasei  diodes  will  be  a  dominant  radiant  energy  source 
in  future  tibei  optic  designs  Quandts  demand  will  allow  production  of  laser  diodes  at  cost, 
consistent  with  those  ol  current  semi-conductor  components. 

I  cm  pci  at  me  is  a  ci  ideal  env  iionment  that  a  Heels  t  he  reliability  ol  laser  diodes.  I  o  mini  mi/e 
thisellect.  a  heat  sink  mateiialisdepositedonthe  laser  chip  I  he  heat  generated  insidethediode 
is  dissipated  immediately  into  the  laige  area  ol  high  thermal  conductivity  for  efficient  heat 
extraction 

I  aser  threshold  current  is  ts  piealls  about  1 00- .100  milliampcres.  its  risetimeo!  radiant  flux  is 
about  10  picoseconds,  the  operating  temperature  is  I  rum  0toft5"C  and  the  storage  temperature 
is  from  -196  to  -t  1 40  C  1  he  source  is  usually  mounted  in  a  hermetic  10-5  package. 

Cialhum-arsenide((iaAs)  or  gallium-aluminum-arsenide(CiaAIAs)  laser  diodes  emit  radiant 
energy  at  fixed  wavelengths  at  MM*  to  900  nanometers.  I  he  laser  diodes  emit  incoherent 
radiation  when  electrically  encrgi/ed  with  low  power. 

As  the  input  power  increases,  a  threshold  is  reached  above  which  the  diode  begins  to  emit 
coherent  radiation.  Above  the  threshold,  the  optical  bandwidth  becomes  narrower  than  for 
incoherent  light,  and  the  coherent  light  increases  sharply  as  a  function  of  power.  Combining 
laser  diodes  increases  intensity,  but  only  at  higher  cost  and  with  lower  beam  quality  than  fora 
single  laser  diode. 

A  tv  pica  I  laser  diode  that  emits  5-milliwatts  of  continuous  radiant  energy  at  850  nanometers 
can  produce  a  relatively  narrow  beam  spread,  ±5  degrees,  in  one  parallel  plane.  1'his  narrow 
output  beam  produces  a  well-defined  radiometric  centroid  when  reflected  by  the  gyro  rotor 
surface  and  intercepted  by  the  detector. 

l  aser  diodes  can  launch  considerably  more  power  into  a  fiber  optic  bundle,  but  arc  more 
costly  and  require  more  complex  drive  circuitry  than  light  emitting  diodes  (LED). 

A  good  radiant  source  for  liber  optics  is  a  small,  bright,  fast,  monochromatic  and  reliable 
unit  A  small  energy  source  is  efficient.  High  radiance  assures  that  plenty  of  radiation  gets 
coupled  into  the  fiber  optics.  A  narrow  spectral  line  width  helps  keep  the  dispersion  in  the  fiber 
low  .  And.  of  course,  the  radiation  source  must  have  a  lifetime  of  thousands  of  hours. 

4 


: 


I  a  so  i  diodes  and  I  I  IK  aie  now  hemp  developed  with  lactoiy  assembled  libei  pigtails 
attached  to  a\  oul  the  need  lot  alignment  ol  It  bet  to  dev  ices  stnallei  than  a  giam  ol  sand  Onlv  .1 
simple  source-libet-sensoi  interlace  is  ici|Uired  I  lie  I  I  I).  a  dependable  solid  state  device,  is 
capable  ol  transmitting  moderate  optical  power  at  modulation  rates  m  the  tens  ol  megaheit/ 

B  HBIROPIICS 

I  ibei  optics  is  based  on  the  ability  ol  smooth  stiands  ol  tiansparent  materials  toconduct 
radiant  energy  with  high elliciencv  I  he  radiant  energy  conducted  bv  a  fiber  is  reflected  from  the 
walls  bv  total  internal  reflection  made  v  irtually  lossless  bv  coating  or  cladding  the  walls  with  a 
transparent  laver  ol  mater  lal  having  a  lower  refractive  index  than  that  of  the  fiber.  I  he  cladding 
pi  otects  the  libei  interlace  Irom  set  at  dies  and  dust  and  also  prevents  leakage  of  radiant  energy 

Optical  libers  are  made  ol  glass,  optical  plastics,  or  lused  silica  Glass  libei s  are  used  in 
applications  rcv|uirmg  ladiant  eneigv  transfer  eithei  in  llexible  bundles  or  in  rigid  fiber  optic 
lace  plates  (  A  lace  plate  is  made  from  a  large  number  ol  short  fibers  aligned  side  by  side  and 
lused  together  to  form  a  solid  plate  1  lusty  pc  is  used  to  transmit  coherent  radiant  energy  images 
that  can  be  viewed  under  bright,  direct  light)  I'lastic  libeis  are  used  in  low-cost  illumination 
applications.  I  used  silica  libeis  arc  used  as  low-loss  transmission  lines. 

Bundles  ol  fibers  w  ithout  any  systematic  alignment  ol  the  individual  libei  ends,  called  light 
*» u\ r  ei/h/c*.  ate  used  to  transmit  indiant  energy  along  llexible  paths  for  various  distances 
depending  on  the  attenuation  properties  of  the  fibers.  A  wave  guide  that  consists  of  cladded 
fibers  grouped  together  is  know  nasa  noncoherent  bundle  and  probably  is  the  most  widely  used 
ol  all  libei  optic  components  1  he  diameter  ol  the  ttuliv  idttal  fibers  v  arics  from  approximatclv 
Ml  to  200  micrometers  I  he  bundle  is  very  llexible.  vv  it  h  minimum  bending  radius  determined  bv 
the  protective  cladding  rather  than  the  fibers  I  he  term  stvp-iiuhw  isapplied  because  the  index 
ol  retract  ion  ol  the  core  is  constant  w  it  It  radius  and  is  l(-|  toM'i  greater  than  that  ott  heeladding 

Because  ol  the  principle  ol  total  internal  reflection,  radiant  energy  is  reflected  at  the 
core  cladding  interface  and  thus  guided  through  the  libei  Common  types  are: 

•  Silica-cladding  silica-core  (the  lovvest-loss,  highest-bandvvidth). 

•  Plastic-cladding  silica-core  (suitable  for  moderate  distance). 

•  Plastic-cladding  plastic-core  (high  loss)  Special  fu/ed  silica  and  modified  silica  optical 
libers  have  attenuations  as  low  as  2dB  km  in  the  neat  infrared  portion  ol  the  spectrum. 
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Attenuation  in  either  typeot  liber  is  caused  by  absorption  principally  duetoimpuritiesinthe 
core  material,  and  byscattet  mg  due  to  in  homogeneities  and  inclusions  in  the  core.  An  important 
consideration  in  the  manulaciurc  ol  low -loss  glass  libers  is  avoidance  of  water  absorption  as  the 
glass  is  processed.  In  a  modified  doped-deposited-silica  process,  hydroxal-ion  content  is  very 
low.  the  resulting  attenuation  is  very  low.  typically  6dB  km  at  850  nm  or  I  used  silica  liber 
having  20  to  100  dB  km. 

II  the  fiber  core  is  free  of  inclusions  or  defects  which  can  cause  radiation  scattering  and  loss,  it 
will  display  an  intrinsic  scattering  caused  by  density  fluctuations. 

Attenuation  of  fiber  optics  is  customarily  expressed  in  decibels,  and  is  usually  normalized  to 
one-kilometer  reference  length.  Thus,  from  powers  transmitted  and  received  over  a  length  of  L 
kilometers. 


Attenuation  = 


10  loho 

L 


P  rec'd 
P  trans 


(dB/km) . 


(1) 


Optical-power  loss  can  bethought  of  in  the  same  way  as  the  ohmic  loss  of  conventional  wire, 
for  which  the  linear  resistance  is  know  n  and  the  potential  drop  is  easily  calculated. 

Attenuation  of  a  particular  fiber  is  a  function  of  the  transmitt  ingsource’s  optical  wavelength. 
I  n  comparing  fiber  specifications  a  designer  should  consider  loss  figures  for  a  given  wavelength, 
such  as  850  nm. 

A  radiant  energy  pulse  entering  an  optical  waveguide  undergoes  an  increase  in  bandwidth 
while  traversing  the  length  of  the  fiber.  This  is  due  to  both  material  properties  and  the  geometry 
of  propagation,  described  mathematically  as  modes. 

Bandwidth  is  limited  by  the  broadening  of  pulses  being  transmitted  through  a  given  fiber. 
Such  broadening  occurs  when  different  modes  arrive  at  the  sensor  at  different  times.  This  model 
dispersion  is  due  to  the  unequal  mode  velocities  and  obvious  path-length  differences  in  step- 
index  fibers.  Step-index  fibers  are  those  in  which  the  index  of  refraction  is  constant  in  the  fiber 
and  has  an  abrupt  "step”  at  the  surface.  Some  fibers  available  are: 

•  Multi-step;  having  more  than  one  abrupt  change  of  index  of  refraction. 
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•  fuaded-indcx  libei.  m  which  index  ol  tetiaction  vanes  in  the  tibei.  usuallv  decreasing 
apptoximaiclv  parabolicallv  liom  the  cento  t><  iIk  stnl.nc  I  he  paiabolic  icliactivc-indcx 
pi  id  lie  ol  a  giaded  -index  libei  gi  cat  l\  i  evinces  micIi  ilispei  moii  and.  as  a  lesiilt.  a  gtaded- index 
libei  can  have  substantial  gteatei  bandwidth.  usuallv  seveial  htuulied  mega  hot/  lot  a  I  km 
lelerence  length 

\nothet  impoitant  optical  paiametei  ol  mteiest  is  the  niiniei ical  apertute  I  he  numerical 
apeiiniei  N  \)  is  a  measineol  lhema\imiimacceplaneeangleloi  light  piopagationinthctihcr. 
at  angles  latgct  than  this,  there  is  no  longer  total  internal  reflection 


where  I*  one  hall  ol  the  input  core  angle 
n  index  ol  reft  action  ot  core 

n  index  ol  refraction  ot  cladding. 

I  his  is  the  sine  ot  the  hall  angle  within  which  the  libei  can  accept  or  radiate  energy.  High 
numerical  aperture  implies  gieatei  coupling  etticiencv  between  the  radiant  source  and  fiber 
I  Inis  a  high  N  \  libei  can  be  used  etleclix  elx  with  an  inexpensive  low -brightness  l  I'll  However. 
N  \  is  a  function  ol  the  core-to-cladding  index  difteicnee  I  or  this  teason.  an  increase  in  N  \ 
usuallv  is  accompanied  bv  higher  attenuation  and  lower  bandw  idlh. 

In  radiant  energv  wave  guide  applications,  it  is  possible  to  modifv  the  end  configurations  to 
am  desired  gcometi  teal  tin  m  \ltei  nativelv .  one  bundle  max  bediv  ided  into  sex  ei  al  branches  to 
prox  ide  several  ladiant  energv  outputs  In  such  arrangements,  onlv  the  total  area  of  the  fiber 
bundle  must  be  maintained  at  both  ends  ot  the  sxstem  since  the  uulix  idual  fibers  are  ot  unifoi  m 
si /e 

«* 

Once  a  suitable  energv  source  and  the  fiber  optics  end  geometrical  form  is  selected,  the 
problem  now  becomes  one  ot  efficient  lx  couplingthc  energv  from  the  source  to  the  fiber  optics, 
and  then  exit  acting  the  energv  Irom  the  tibei  and  coupling  it  t  o .  t  suit  able  detect  01  I  oragimbal 
pick  oil  mcchnni/ation.  an  optical  lens  interface  is  proposed  Simple  lenses  are  used  between  the 
souice  and  liber  and  the  tibei  and  detect  01  to  increase  the  coupling  into  and  out  of  the  tibei  In 
the  source,  the  standard  optical  formulas  are  used  to  select  a  lens  and  to  achieve  spacing 
distances  that  will  focus  the  I  I  P  or  laser  diode  radiation  on  the  tibei  end  with  a  converging 


beam  that  matches  the  aeceptaitee  angle  ol  the  lihei  On  the  receiving  end.  the 
diverging  beam  ol  radiation  limn  the  tihei  is  calculated  and  a  suitable  lens  chosen  to  collect 
this  energy  and  completely  locus  it  onto  the  serisuiv  eaiea  ol  the  detect  01  Note  that  losses  due  to 
the  reflection  Itom  the  ends  ol  the  libers  will  still  occur 

l  he  dillerencc  between  the  radiation  source  power  level  and  the  power  level  required  at  the 
dctectoi  tor  a  given  signal-to-noisc  i.itio  n  tciined  the  i  I  lements  ol  this  budget  are  the 
input  coupling  losses,  libci  attenuation,  and  output  coupling  losses  Tacit  ol  thescelcmcntscan 
be  estimated  and  their  sum  compared  to  the  loss  budget  to  determine  link  leasibilitv  \  usual 
conclusion  of  a  link  analvsts  is  a  value  lor  tibei  loss  in  dll  km  for  the  given  distance 

Presently.  the  liber  optics  appeal  to  be  on  the  hunk  ot  a  technological  explosion  in  the  field  of 
com  mu  meat  ions  Recent  break  t  h  roughs  in  producing  low  -loss  optical  tibei  s  ai  c  approaching 
theoretical  limits  In  military  applications,  the  characteristics  ot  small  si/c.  low  weight,  no 
emitted  radiation,  interference  immunity  and  radiation  hardness  are  important  The 
replacement  ol  muluplegimb.il  wires  and  shp  nngs  with  a  single  liber  bundle  is  cost  savings  and 
actually  improves  reliability  Optical  libers  are  completely  non-inductive  and  non-capaetixe. 
shielding  and  filtering  are  eliminated 

Meanwhile,  developments  m  radiant  energy  sources,  fibers,  polarizing  beamsplitters,  thin 
film  polarizers,  and  intensity  position  sensing  detectors  are  making  integrated  optical  gimbal 
ptekoff  concepts  look  very  feasible. 

C  POLARIZING  BEAMSPl  ITTFRS. 

Polarizing  cube  beamsplitters  consist  of  a  pair  of  identical  right-angle  prisms,  with 
hypotenuse  faces  cemented  together  with  a  special  multilayer  of  dielectric  film  vacuum 
deposited  upon  one  of  the  hypotenuse  faces. 

The  cube  beamsplitter  has  several  specific  advantages  over  flat-plate  beamsplitters  and  is 
widely  used  because  of  these.  It  deforms  less  in  response  to  external  mechanical  stress  or  inertial 
load,  and  most  importantly .  it  is  tree  ot  ghost  images  It  giv  es  excellent  performance  over  w  ide 
ranges  of  angles  of  incidence,  is  rugged,  easy  to  mount,  and  ideal  for  beam  superposition 
applications. 

Monochromatic  unpolarizcd  radiation,  which  is  orthogonally  incident  upon  the  external 
faces  ol  the  cube  and  internally  incident  at  45  degrees  upon  the  multilayer,  is  separated  into  two 
polarized  beams  w  hieh  emerge  from  the  cube  through  adjacent  faces  and  in  direction  w  hichare 
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accuiaiclx  'id  degrees  a  pan  I  lie  beam  ss  hit  ti  passes  siiaiglit  thiough  the  cube  emerge'  plane 
pt»lai  i/ed  ti*  a  put  it  %  »>t  'is  pet  t  eni  01  hettei .  it  it  li  i  lie  plane  ol  the  elect  t  ic  lielil  s  cetoi  p.itallcl  1 1» 
the  plane  ol  iik  iilenee  tlelmcil  loi  the  mull  das  et  1 1 1 :it  t"p"  polat  t/eil t  I  he  beam  is  Inch  emei  ges 
1 1  inn  t  lie  cube  at  t  igltt  angles  ii'l  lie  incident  beam,  has  mg  been  i  ellceteil  bi  t  he  mult  i  lax  e  t  til  ill.  is 
also  plane  polaii/eil  to  a  ptiiiiv  ol  'is  peieent  01  bettei  I  Ins  lime  t lie  eleetne  tielil  \eetm 
oithogon.il  lo  the  plane  ol  iiienlenee  is  ilelmeil  lot  the  multilaiei  lilm  ("s"  pnlan/eill 

I  oi  un polat i/eil  nionehi oni.it ie  input  at  the  inteiuleil  ss as elength.  aiul  \s  ithout  the useol  a  11s 
letaiilei .  these  hi\imsplilters  a  In  as  s  aehies  e  a  s  eis  accurate  I  I  tat  to  1  egaiiilessol  beamsplittei 
01  lentation 

li  I  MIN  I  II  M  OR  SUM  I  I  MM  IM  \\l  l‘01  \Rl/l  RS 

I  he  cmeigent  ladiation  tiom  the  cube  beamsplittei  is  plane-polaii/eil  1  he  polari/mg 
il  11  eel  ion  is  estabhsheil  tint  mg  the  man  11 1  acini  mg  pi  oeess  ol  the  cube  ami  the  beamsplittei  ss  ill 
onls  tiansinit  "p"  polan/ation  ami  letleet  "s"  polan/atuui  I  he  maximum  amount  ol  radiant 
enei  gs .  that  is  the  mtensits ,  w  Inch  can  be  polai  i/eil  is  pist  hall  the  1111  polat  i/ed  meiilent  energs 

II  the  incnlent  beam  1s11npol.it  i/eil  a  ml  t  he  angle  0  is  ilet  meil  t  o  be  the  angle  bet  sseen  the  planes 
.it  the  ptelei  red  “p"  polat  i/ation  ol  tss  o  polarizers  (cube  polai  i/er  a  nil  thin  1 1I111  polart/er )  in  neat 
contact,  it  can  be  shossn  that  the”p"  polan/ation  mtensits  (I)  saries  ssith  f*  according  to 

■»  s  >  •> 

I  ■  Kj  K,  sin'  0  +  SiKj'  +  K*  )  Cos*  0  .  Ol 

k  ami  h.  ate  the  pi  1ne1p.il  ti  ansnutteis  ol  the  polai  i/et  s,  ami  both  ate  functions  ot  ss  as  elength 
K.  is  alssass  somessh.it  less  than  units,  and  k  alssass  has  some  small  but  non/ero  salue 
I  heielore.  the  transmitted  "p"  polan/ation  mtensits  ol  the  pair  is  approximated  bs 

2 

I  -  I  Cos*  0 
m 

ss  lieie  I  is  i he  maximum  salue  ol  the  tiansmitted  "p"  polan/ation  mtensits  ss  hen  ei|uation 
equals  I  'i  k  *  k  )  cos  I  his  occuis  ss  hen  the  polarizing  directions  of  both  polarizers  axes 
are  p.u  allel  Minimum  "p"  polai  i/ation  is  ti  ans  nutted  ss  hen  the  tss  o  polat  i/ei  saxes  are  crossed 

I  he  degtee  ol  polar  i/ation  is  s  11 1  nails  independent  ol  the  incidence  angle.  I  ineai  polarizers 
mas  be  used,  therefore.  111  highls  conxergent  01  disci  gent  beams  and  still  produce  uniform 
polat  i/ation 


Present  technology  and  lahi  icalion  techniques  mdicalc  acceptable  pcrlormance  tor  thin  film 
polarizers 

!  1)1  I  I  C  I  OKS 

\  detector  senses  electromagnetic  radiation.  including  laser  light.  and  produces  electrical 
output  that  is  proportional  to  the  optical  input  I  his  electrical  signal  can  he  measured  directly  01 
used  to  drive  electronic  circuitiv  I  he  development  and  production  ol  all  tv  pcs  ot  visible  and 
mid -infrared  detectors  are  av  a  liable  Some  ai  t 


•  Silicon 

•  (.iold-antimonv  doped  germanium,  n  tv  pc 

•  I  ead  Mill ulc. 

•  tellurium 

Most  commercial  semiconductor  sources  emit  at  SOOtodOO  nm.  A  significant  trend,  however. 
,S  development  of  emitters  and  detectors  lor  1.200  to  1.300  nm  spectrum  portion  where  the 
attcntuation  ol  fuscd-silica  optical  fibers  is  very  low  Most  manufacturers  can  tailor  detectors 
to  requirements  for  s./e.  speed  of  response,  optical  trimming,  noise  equivalent  power,  and 

packaging 

.3  CilMBAI  PICK O F F  TECHNOl  OG1CA1  MECHANIZATION 
STUDIES 

A  RADIAN  I  FNERC.V  PICKOEE  CONCEPT 

A  gimbal  pickoff  concept  for  wide  angle  two-degree-of-freedom  gvros  is  proposed  using  a 
combination  of  fiber  opt  iesand  radiant  energy  source  defectors  tor  low  torque  gimbal  housing 
position  information.  1  he  mode  of  operation  for  the  g>  ro  concept  is  a  sustained  rotor  altitude 

tvpe  instrument. 

1  he  p.ckoff  concept  can  be  used  on  any  two-degree-of-freedom  gimbal  gv  t  o.  1  he  adv  antage 
of  the  radiant  energy  pickoff  concept  is  that  it  eliminates  gimbal  wiring  torques.  1  he  gimbal 
potentiometer  t>  pc  pickoff  and  slip  ring  designs  hav  e  been  problem  areason  present  gyros  such 
as  wiper  lift-off  during  (light  environment,  noise,  increased  friction,  and  assembly  cost. 


I  Ik-  w  iiic  .m^lc  ji>  m  concept  i  /  lym  cl  I  consists  ol  .in  iiinei  gunhal  I  runic  ( I ).  spin  bearing 
shall  (2)1  hat  is  attached  to  the  min  i  gunhal  liamc.  i  otoi  i  '  i  w  hu  ll  is  decoupled  from  the  shaft 
iluough  beaimgs  (4),  outei  giinbal  liamc(5l  vs  Inch  is  decoupled  liom  housing  (6)  through 
gun  ha  I  heat  mgs  (7)1  unci  gnu  ha  I  liame  (l)is  decoupled  li  mu  outei  gun  ha  1 1  iame(5)  thiough 
heat  mgs  (*))  Kcllecliv  e  non  iclleclive  pallet  n  ( I  ()i  is  lain  u  a  ted  on  i  otoi  ( 4 )  external  surface. 

I  i he i  optics  ( 1 1 ).  ( 1 2 )  are  located  concent i  ic  through  a  hole  on  outei  giinbal  shaft  axis(  14)  lor 
tiansuntted  reflected  eneigv  paths  Irom  eneigv  souice  to  lotor  reflective  non-reflcctive 
pattern  and  hack  to  sensoi  (14).  Kelerence  numhei  (I5i  piovuies  energy  source  and  data 
processoi  sensoi  electronics  lot  mnci  gunhal  pickoll  position  sensor.  Outer  giinbal  shaft  ( I  ft) 
provides  a  reflective  Hat  surface  ( I7i  lot  outei  gunhal  position  sense.  Kelerence  number'  IK) 
provides  eneigv  souice  and  data  pioccssing  sensoi  electronics  lot  outer  gunhal  reflective 
sin  lace  (I  7)  position  intelligence.  Kelerence  numhei  (2()l  provides  gunhal  housing  cage  and 
gas  enei  gv  lot  rotoi  (4 )  spin- up  Kelerence  numhei  (21)  prov  ides  stored  gas  energy  for  rotor 
(4)  sustain  supply  Kelerence  number  (22i  is  an  open  shut  valve  lot  the  sustainer  gas  bottle. 

I  x  plosive  dev  ice  (24 1  is  used  to  activate  rotoi  spin -up  and  to  uncage  gunhal  from  housing  (M. 

I  he  uncage  activation  opens  value  (22)  thus  releasing  energy  to  sustain  rotor  (4)  and 
automatically  closing  entrances  to  spin-up  line  (20). 

I  lie  opeiational  cycle  of  the  inertial  instrument  is  described:  An  activated  explosive  device 
(24)  enei  gi/es  rotor  (4)  to  required  angular  momentum  lx  ha  listed  spin-up  gas  supply  retracts 
gas  line  (20)  thus  uncaging  giinbal  ( I )  from  housing  (6).  I  he  uncaging  act  ion  opens  valve  (22 1  of 
sustain  bottle  (21 )  and  automatically  closes  spin-up  line  entrance (20).  (ias  bottle (2 1 )  provides 
gas  energy  through  giinbal  ( 1 1  spin-up  no//les  to  maintain  required  sustained  inertial  reference 
i  pm  Missile  bodv  mot  ion  coupled  through  housing(h)  is  sensed  by  the  inertial  reference  pattern 
( 10)  and  gunhal  shaft  reflective  surface  ( 17).  Kadinnt  energy  transmitted  from  ( 15)  through 

I I  he  i  opt  ics  ( 1 1  land  reflected  I  rout  pattern!  10)  is  returned  through  liber-oplics(  1 2)  onto  energy 
sensoi  elect  ionics  ( 15).  I  he  processed  radiant  enei  gv  data  represents  a  digital  form  of  the  inner 
gunhal  angle  between  the  inertial  reference (4 )und  housing(h).  Kelerence  number)  IX) provides 
transmitted  radiant  energy  onto  reflective  surface  (17)  and  returns  to  energy 
sensor  electronics  (IX).  Processed  (IK)  radiant  energy  data  represents  an  analog  signal  of  the 
outer  gunhal  angle  between  the  stabilized  inertial  reference  surface  ( 1 7)  and  housing  (6).  I  bis 
concept  provides  missile  body  attitude  information  by  utilizing  body  mounted  radiant  energy 
sources  and  sensors  to  measure  the  angle  between  the  inertial  reference  (4)  and  missile  body 
(6). 

If  I  IIIN  III  M  IM  ANI  I’OI  AKI/I  I)  IN  I  I  NS  I  IV  I’lC’KOIT  C’ONC'M*  I 

I  he  thin  lilm  plane  polati/ed  intensity  pickoll  concept  uses  a  stabilized  plane  ol  polarized 
radiant  energy  to  measure  angular  position  about  a  stabilizedaxis  I  his  gunhal  pickoll  concept 
is  proposed  lor  low-cost  design  using  optical  technology. 


I  he  wide-angle  linn  film  plane -polai  i/eil  pickoll  concept  ( /  inure  .’I  consists  of  a  stabilized 
gimbal  ( 1 1  w  Inch  is  decoupled  li  om  housing  1 2)  tin  origlt  heat  tugs  t  .1 1  An  unpofui  i/ed  ladiant 
enei  gv  souice  1 4  >  ts  sccuied  to  housing  i  2  i  \  lihci  optic  pat  lit  5l is  mounted  on  stabilized  gun  ha  I 
1 1 )  \  polai  i/ing  cube  beantsphttei  (M  is  attached  to  slahdi/ed  gimbal  til  I  Inn  I  dm  polai  i/ei 
lanalv  /ei  1 1  7  I  and  an  intensity  enei  g\  sensoi  tSi  ate  mounted  on  housing!  2).  Sensor  (9 1  is  used  as 
a  gimbal  position  diteciion  mdicatoi  using  the  *‘s"  polai i/ation  lioin  beamsplitlci  (6). 

I  he  opei  at  tonal  c\  de  ol  t  he  plane  polai  i/ed  pickoll  concept  is  described  m  I- inure  2. 

Ciimhal  til  stabili/ation  activates  ladiant  energy  souice  (4).  I  he  unpolari/ed  energy  is 
transmitted  Irom  source  (4 1  tin  ougli  the  li  bet  -optic  pal  lit  5  Mo  polarizer  (b).  1  he  radiant  energy 
emetging  Irom  polarizer  tbl  is  "p”  plane-polarized  I  he  polarizing  direction  is  established 
during  the  manufacturing  piocess  and  assembly  Polai izet  (M  will  transmit  only  those  wave- 
tram  components  whose  elect  i  ic  vectois  \  ibrate  paiallel  to  this  direction  and  will  absorb  those 
that  vibrate  at  tight  angles  to  this  direction.  I  he  intensity  ol  the  “p”  plane-polarized  energy 
transmitted  through  analy/ei  (7)  varies  according  to  Mains  1  aw.  Ihat  is,  the  maximum 
intensity  occurs  w  hen  the  polarizing  direction  ol  polarizer  (hi  and  analyzer  (7)  are  parallel.  II 
analyzer  (7)  is  rotated  about  the  direction  ol  energy  piopagation.  there  are  two  positions  at 
which  the  transmitted  energy  intensity  is  almost  zero;  these  are  the  positions  in  which  the 
polarizingdiiections  ol  polar  izei  (hi  and  analy  zet  (7)  are  at  right  angles.  I  herd  ore,  the  intensity 
ol  the  transmitted  ”p"  polarized  energv  tiom  polai  izei  (to  through  analyzer  (7)  varies  with  the 
angle  ol  rotation  according  to 

2 

I  -  I  Cos  0,  (5) 

m 

m  v\  Inch  l,„  is  the  maximum  value  ol  the  transmitted  intensity 

lo  achieve  a  linear  intensity  scalelaetor  range  Irom  null  (almost  zero  intensity)  to  ±40 
degrees,  a  special  designed  analy  zei  (7)  is  ici|  lined  as  show  n  in  /  inure  .1.  I  here  exists  in  analyzer 
(7)  a  certain  characteristic  polai  izing direction  as  show  n  by  the  parallel  lines  m  figure  .M .  1  Iris 
polarizing  direction  is  established  dining  the  manulactuimg  process  by  embedding  certain 
long  chain  molecules  in  a  flexible  sheet  and  then  stretching  the  sheet  so  that  the  molecules  are 
aligned  paiallel  to  each  other.  Plane-polat  tzed  energy  falling  on  analyzer  (7)  vv  ill  transmit  only 
the  parallel  electric  vector  components.  Analy  zer  ( 7)  uses  a  concept  that  remov  es  a  (  25  degree 
pie  shape  ai  ea  alongthe/eto  intensity  avis  /  inure.  Ui,  analy  zer  (7)  part  sate  rejoined  at  the  cut¬ 
out  boundaries  rhisdcsignallowsthemilltooccurnt  1  25  degrees  from  I  he  right  angle  axis,  lire 
transmitted  energy  intensity  at  null  is  now  about  IS  percent  of  the  maximum  intensity 
transmitted  vv  Iren  polarizer  (M  and  analyzer  (7)  are  parallel 


Figure  2.  Sketch  ot  the  thin  film  plane-polarized  intensity  plckoff  concept. 
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Figure  3A. 

OPTION  CONCEPT. 

ENERGY  ABSORBED  IN  BOTH 
BLANK  AND  DASHED  AREAS. 

ANALYZER  PARTS 
•'m  REJOINED 


is 


/  igur e  -4  illustrates  tire  piedicled  intensity  scald  act  or  er>\  eringa  '  40dcgi ee  linear  range  Irom 
null  and  a  ♦  f»5  degree  non- lineal  range  I  utensil \  sensor  (X).  t  figure  2).  electrical  output  signal 
corresponds  to  the  intensity  o|  the  energy  transmitted  h\  analyzer  (7)  w  Inch  is  a  lunction  ol  the 
anaK/er  angle  relative  to  the  s(ahili/ed  polarizer  (fti. 

4  CONCI  UNIONS  AND  RECOMMENDED  PROGRAM  TO  PROVE 
GIMBAl.  PICKOFF  I  FC  HNOI.OGY 


A  decade  Irom  now.  most  hall  hearings  will  look  and  perform  about  the  same  as  those 
currently  available  I  hough  materials  will  probably  differ  Irom  present  analyses,  improved 
processing  will  be  developed  to  keep  performance  the  same.  A  major  assumption  is  that  a  good 
portion  ol  the  metal-alloy  materials  currently  used  in  gyro  gimbal  and  bearing  housings  may  fall 
under  the  dominance  ol  new  developments  in  the  production  of  new  plastics,  powder 
metallurgy,  and  lightweight  composites  It  is  recommended  that  these  areas  be  studied,  to 
explore  and  identify  feasible  exotic  materials  for  gyro  metal-alloy  replacements. 

Meanwhile,  the  gimbal  pickofl  analysis  concludes  and  recommends  that  the  concept  using 
the  pulse  duration  modulation  pickofl  design  proposed  in  Figure  l  be  developed  as  an  inner 
gimbal  wide  angle  position  sensor,  f  or  the  outer  gimbal,  it  is  recommended  that  the  thin  film 
plane  polarized  intensity  pickoif  concept  proposed  in  Figure  2  be  developed  as  a  wide  angle 
position  sensor. 

I  he  study  concludes  that  the  plane  polarized  pickoff  concept  will  be  less  expensive  than  the 
curved  surface  sensor  (IS)  concept  shown  in  Figure  I.  I  n  practice,  sheet  resistance  is  probably 
the  most  difficult  characteristic  to  control  and  probably  will  be  the  dominant  cause  of 
nonlinearities.  It  is  concluded  that  the  sheet  surface  control  for  a  small  flat  surface  such  as 
required  lor  sensor  (S),  Figure  2.  w  ill  be  easier  to  control  and  lower  in  cost  than  for  sensor  ( 18), 
Figure  I . 

It  is  recommended  that  the  next  step  in  the  progression  toward  a  feasible  demonstration  of  the 
gimbal  pickoff  technology  should  include  the  following  areas  of  investigation: 

•  The  recommended  gimbal  pickofl  concept  should  be  designed  and  fabricated  to  interface 
radiation  fiber  optics  sensor  to  show  demonstration  of  its  feasibility,  performance,  and  cost. 

•  Radiation  fiber  optics,  sensor  should  be  optimized  for  maximum  power  transfer, 
performance,  and  low  cost. 


PERCENT  OF  MAXIMUM  INTENSITY 


90  80  70  60  SO  40  30  30  40  SO  60  70  80  90 

ANALYZER  ANGLE  (DEGREES)  -  CUTOUT  A  REJOINED 


Figure  4.  Predicted  analyzer  Intensity  scalefactor. 
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•  \  crilv  pickott  pci  lot  mam  c  in  opci  at  mg  aiul  slot  age  cnv  u  onmcnts 


•  Hv briil  electronic  packaging  should  be  dev  eloped 

li  is  lurlhei  recommended  that  .1  leasihle  model  ol  the  (wo  axes  stabilized  optical  gimhal 
piekotl  he  designed,  la  hi  icatcd.  and  analv  zed  to  v  ei  ilv  its  tcchnologv  in  developing  a  sv  stem  into 
practical  rcalitv  to  achieve  Inline  gv  ro  ici|uircmcnts 
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